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Description

Field of the Disclosure

[0001] This disclosure relates to a Pt-Ni catalyst which
demonstrates an unusually high oxygen reduction mass
activity. The catalyst may be particularly useful as a fuel
cell catalyst and more specifically as a fuel cell cathode
catalyst.

Background of the Disclosure

[0002] U.S.PatentNo.5,879,827 discloses nanostruc-
tured elements comprising acicular microstructured sup-
port whiskers bearing acicular nanoscopic catalyst par-
ticles. The catalyst particles may comprise alternating
layers of different catalyst materials which may differ in
composition, in degree of alloying or in degree of crys-
tallinity.

[0003] U.S. Patent No. 6,482,763discloses fuel cell
electrode catalysts comprising alternating platinum-con-
taining layers and layers containing suboxides of a sec-
ond metal that display an early onset of CO oxidation.
[0004] U.S. Patents. Nos. 5,338,430, 5,879,828,
6,040,077 and 6,319,293also concern nanostructured
thin film catalysts.

[0005] U.S. Patents. Nos. 4,812,352, 5,039,561,
5,176,786, and 5,336,558concern microstructures.
[0006] U.S.PatentNo. 7,419,741 fuel cell cathode cat-
alysts comprising nanostructures formed by depositing
alternating layers of platinum and a second layer onto a
microstructure support, which may form a ternary cata-
lyst.

[0007] U.S. Patent No. 7,622,217discloses fuel cell
cathode catalysts comprising microstructured support
whiskers bearing nanoscopic catalyst particles compris-
ing platinum and manganese and at least one other metal
at specified volume ratios and Mn content, where other
metal is typically Ni or Co.

[0008] Bonakdarpour A. et al.; "Dissolution Of Transi-
tion Metals in Combinatorially Sputtered Pt1-x-yMxMy
(M, M’ =Co, Ni, Mn, Fe) PEMFC Electrocatalysts", Jour-
nal Of The Electrochemical Society, Vol. 153 No. 10,
2006, pp. A1835-A1846 reports the dissolution of Fe and
Ni from Pt;_ M, (M = Fe, Ni; 0 < x < 1) oxygen reduction
electrocatalysts under simulated operating conditions
(low pH, 80°C) of proton exchange membrane (PEM)
fuel cells. The alloys were prepared combinatorially by
sputtering Ptand M (M = Fe, Ni) onto thin films of nanos-
tructured whisker-like supports, and mapped over the en-
tire composition range of the binary systems. For 0 < x
< 1.0. The formation of randomly ordered substitutional
solid solutions of Pt,_,Fe,, and Pt;_Ni, alloys were ob-
served. Electron microprobe measurements show that
transition metals were removed from all compositions
during acid treatment, but that the percentage removed
increased with x, acid strength, and temperature. For
small values of x (x < 0.6) no substantial changes in the
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lattice size were observed upon dissolution of Fe or Ni
suggesting that the dissolved transition metals originate
from the surface. However, for electrocatalysts with x >
0.6, the lattice constant expanded indicating that transi-
tion metals dissolved also from the bulk. X-ray photoelec-
tron spectroscopy results showed complete removal of
surface Ni (Fe) after acid treatment at 80°C for all com-
positions. The results of the acid treatments compared
well to the composition changes that occur when a
Pt,_«Fe, or Pt,_,Ni, combinatorial catalyst library was
used in an operating PEM fuel cell.

[0009] Borrell, Martine et al.; "Study Of Silica Support-
ed PtxNil-x Catalysts By lon Scattering Spectroscopy",
Mikrochimica Acta, Vol. 125, No. 1 - 4, March 1 1997,
pp. 389-393 reports on supported Pt Ni;_,, catalysts
used for hydrogenation reactions, and stated it seemed
necessary to assess the surface composition of the re-
duced samples. To approach the usual reduction condi-
tions in situ reduction was used in a reaction chamber (1
mbar H, up to 500°C) placed in ultra high vacuum recip-
ient (UHV: 10 to 2.10-10 mbar). All ion scattering spec-
troscopy measurements were performed in UHV. Charg-
ing of the samples was avoided by electron bombard-
ment (5eV). The variation of the surface composition was
determined after subsequent sputtering, thermal treat-
ment at 500°C and during oxygen adsorption. A compar-
ison with previous results of surface compositions of bi-
nary alloys (polycrystalline foils and single crystals
Pt,Ni;_,) was given.

[0010] Moffat, T. P. et al.; "Oxygen Reduction Kinetics
On Electrodeposited Pt, Pt 100-xNi x, and Pt100-xCox",
Journal of the Electrochemical Society, Vol. 156, No. 2,
January 1, 2009, pp. B238-B251 reports the kinetics of
the oxygen reduction reactions (ORR) on a series of elec-
trodeposited Pt;yq_Ni, and Pt,y,.,Co, alloy films exam-
ined in comparison to electrodeposited Pt and mechan-
ically polished polycrystalline Pt. The alloys were elec-
trodeposited at positive potentials to grow the pure iron
group metal. The growth process was ascribed to strong
bonding enthalpy between Pt and the iron group metals
that can be envisioned as iron-group underpotential dep-
osition (upd) on Pt surface sites coupled with ongoing Pt
overpotential electrodeposition. Rotating disk electrode
measurements of the ORR kinetics, normalized for the
H upd electoactive area, indicated a ~ 1.9 to 2.7-fold cat-
alytic enhancement on Pt,yy_,Co, and Pt;qq_Niy, when
x is in the range of 25-35, as compared to electrodepos-
ited Pt films grown under similar conditions. An even
greater ORR enhancement factor, between 3 and 4.8,
was noted for dealloyed transition metal-rich (x > 75)
films. Different schemes for integrating the electrodepo-
sition (and dealloying) process into the fabrication of fuel
cell membrane electrode array were also briefly dis-
cussed.

[0011] Mallett, J. J. et al.; "Compositional Control In
Electrodeposited Nix Pt1-x Films", Journal of the Elec-
trochemical Society, Vol. 155, No. 1, January 1, 2008,
pp. D1 - D9 reports electrochemical codeposition of a
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series of face-centered cubic Ni,Pt,_, alloys where 0.1 <
x < 0.95. The alloy composition was a monotonic function
of potential. The Pt-rich Ni,Pt,_, alloys were formed at
positive potentials to deposit elemental Ni. Codeposition
was ascribed to the negative enthalpy of Ni,Pt,_, alloy
formation that proceeded via a Ni underpotential depo-
sition reaction in concert with Pt deposition. This process
occurred at higher Ni underpotentials than anticipated
based on extrapolated literature data from thermochem-
ical measurements and ab initio calculations of alloy for-
mation. In contrast, Ni-rich Ni, Pt,_, alloys were produced
at Nioverpotentials although the films were formed under
conditions where pure Ni deposition was otherwise ki-
netically hindered. The alloy composition corresponding
to the transition from underpotential to overpotential dep-
osition was a function of the PtCl,/NiCl, electrolyte com-
position.

[0012] The films were found to be bright and specular
over the full range of compositions studied (grain size <
10 nm). Atomic force microscopy yielded root-mean-
square roughness values on the order of 5 nm for Ni-rich
deposits up to 2.5 micrometers thick.

Summary of the Disclosure

[0013] This disclosure relates to a Pt-Ni catalyst ac-
cording to claims 1 or 12, which demonstrates an unu-
sually high oxygen reduction mass activity. The Pt-Ni cat-
alyst is a Pt-Ni binary alloy. The catalyst comprises na-
nostructured elements comprising microstructured sup-
port whiskers bearing a thin film of nanoscopic catalyst
particles comprising a catalyst material according to the
formula Pt,Ni(,_,) where x is between 0.21 and 0.39,
wherein nanoscopic catalyst particles means particles of
catalyst material having at least one dimension equal to
or smaller than about 15 nm or having a crystallite size
of about 15 nm or less, as measure from diffraction peak
half widths of standard 2-theta x-ray diffraction scans. In
some embodiments, the catalyst may be characterized
as having a Pt fcc lattice parameter of less than 3.71
Angstroms or 0.371 nm. In some embodiments the cat-
alyst has a Pt fcc lattice parameter of less than 3.72 Ang-
stroms or 0.372 nm. In some embodiments the catalyst
has a Pt fcclattice parameter of less than 3.73 Angstroms
or 0.373 nm. In some embodiments the catalyst has a Pt
fcc lattice parameter of between 3.69 Angstroms (or
0.369 nm) and 3.73 Angstroms (or 0.373 nm). In some
embodiments the catalyst has a Pt fcc lattice parameter
of between 3.70 Angstroms (or 0.370 nm) and 3.72 Ang-
stroms (or 0.372 nm). In some embodiments, the catalyst
may be characterized as having a composition of close
to Pt,Ni(1_y), where x is between 0.21 and 0.39. In some
embodiments x is between 0.21 and 0.34. In some em-
bodiments x is between 0.22 and 0.38. In some embod-
iments x is between 0.22 and 0.33. In some embodiments
x is between 0.26 and 0.33. In some embodiments x is
between 0.28 and 0.32.

[0014] The catalyst comprises nanostructured ele-

10

15

20

25

30

35

40

45

50

55

ments comprising microstructured support whiskers
bearing a thin film of nanoscopic catalyst particles com-
prising a catalyst material described above.

[0015] The catalyst may be particularly useful as a fuel
cell catalyst and more specifically as a fuel cell cathode
catalyst.
[0016] In this application:

"membrane electrode assembly" means a structure
comprising a membrane thatincludes an electrolyte,
typically a polymer electrolyte, and at least one but
more typically two or more electrodes adjoining the
membrane;

"nanostructured element" means an acicular, dis-
crete, microscopic structure comprising a catalytic
material on at least a portion of its surface;
"nanoscopic catalyst particle” means a particle of
catalystmaterial having atleast one dimension equal
to or smaller than about 15 nm or having a crystallite
size of about 15 nm or less, as measured from dif-
fraction peak half widths of standard 2-theta x-ray
diffraction scans;

"thin film of nanoscopic catalyst particles" includes
films of discrete nanoscopic catalyst particles, films
of fused nanoscopic catalyst particles, and films of
nanoscopic catalyst grains which are crystalline or
amorphous; typically films of discrete or fused nano-
scopic catalyst particles, and most typically films of
discrete nanoscopic catalyst particles;

"acicular" means having a ratio of length to average
cross-sectional width of greater than or equal to 3;
"discrete" refers to distinct elements, having a sep-
arate identity, but does not preclude elements from
being in contact with one another;

"microscopic" means having at least one dimension
equal to or smaller than about a micrometer;
"planar equivalent thickness" means, in regard to a
layer distributed on a surface, which may be distrib-
uted unevenly, and which surface may be an uneven
surface (such as a layer of snow distributed across
alandscape, or a layer of atoms distributed in a proc-
ess of vacuum deposition), a thickness calculated
on the assumption that the total mass of the layer
was spread evenly over a plane covering the same
area as the projected area of the surface (noting that
the projected area covered by the surface is less
than or equal to the total surface area of the surface,
once uneven features and convolutions are ignored);
"bilayer planar equivalent thickness" means the total
planar equivalent thickness of a first layer (as de-
scribed herein) and the next occurring second layer
(as described herein).

[0017] Itis an advantage of the present disclosure to
provide catalysts for use in fuel cells.
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Brief Description of the Drawing

[0018]

FIG. 1is a graph of Pt alloy fcc lattice parameter, as
measured by electron microprobe analysis (XRD),
versus the combined atomic percentages of Co and
Ni, for a variety of ternary Pt alloys.

FIG. 2 is a graph of measured oxygen reduction
mass activity versus PiNi fcc lattice parameter, as
measured by electron microprobe analysis (XRD),
for a series of PtNi binary catalysts.

FIG. 3 is a graph of measured electrochemical sur-
face area, measured in a fuel cell, versus PtNi fcc
lattice parameter, as measured by electron micro-
probe analysis (XRD), for a series of PtNi binary cat-
alysts.

FIG. 4 is a graph of fuel cell mass activity measured
in a fuel cell versus atomic percentage Ni in a series
of PtXNiy alloy compositions, as measured by EMP,
and accounting for all elements detected, including
oxygen.

FIG. 5is a graph of fuel cell mass activity measured
in a fuel cell versus atomic percentage of Ni in a
series of Pt,Ni, alloy compositions, as measured by
EMP, and accounting for just the Ni and Pt.

FIG. 6 is a graph of fuel cell mass activity measured
in a fuel cell versus atomic percentage of Ni in a
series of PtXNiy alloy compositions, as measured by
XRF

FIG. 7 is a graph of fuel cell mass activity measured
in a fuel cell versus atomic percentage Ni in a series
of Pt,Niy alloy compositions, as measured by gravi-
metric means.

Detailed Description

[0019] Thepresentdisclosure provides a Pt-Nicatalyst
which demonstrates an unusually high oxygen reduction
mass activity. The catalyst comprises nanostructured el-
ements comprising microstructured support whiskers
bearing a thin film of nanoscopic catalyst particles com-
prising a catalyst material according to the formula Pt,-
Ni(1.xy Where x is between 0.21 and 0.39, wherein nano-
scopic catalyst particles means particles of catalyst ma-
terial having at least one dimension equal to or smaller
than about 15 nm or having a crystallite size of about 15
nm or less, as measure from diffraction peak half widths
of standard 2-theta x-ray diffraction scans. In some em-
bodiments, the catalyst may be characterized as having
Pt fcc lattice parameter of less than 3.71 Angstroms. In
some embodiments, the catalyst may be characterized
as having a composition of close to Pt,Ni(4_,), where x is
between 0.21 and 0.39. The catalyst may be particularly
useful as a fuel cell catalyst and more specifically as a
fuel cell cathode catalyst.

[0020] This disclosure describes a specific Pt alloy
crystal structure and lattice parameter that gives a sig-
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nificant increase in oxygen reduction activity when used
as a fuel cell cathode catalyst. The activity with a PtNi
alloy having a high atomic percentage of Ni is seen to
dramatically increase as the atomic percentage changes
over a very small range of about 60% to about 65% as
measured by electron microprobe, or 65% to about 73%
as measured gravimetrically (preferred), or 73% to about
78% as determined by X-ray fluorescence, and the fcc
lattice parameter drops below 3.71 Angstroms. The low
value of the lattice parameter is believed to be critical.
[0021] This disclosure, demonstrated with a PtNi bina-
ry alloy, allows the oxygen reduction activity to be dou-
bled over standard catalyst compositions, e.g., NSTF
Ptgg 7C005 sMn,, 7 ternary catalyst. The current mass ac-
tivity value measured with the new PtNi alloy at a lattice
parameter of ~ 3.71 Angstroms, is 0.32 A/mgp; using
only 0.10 mgp/cm2.

[0022] This disclosure has the potential to double the
currentbest NSTF catalyst ORR activity, thereby directly
improving high current density performance and ulti-
mately the stack size and costs, the operating efficiency
at low power operating conditions and hence vehicle fuel
efficiency, and indirectly affect other factors such as wa-
ter management and break-in conditioning.

[0023] Objects and advantages of this disclosure are
further illustrated by the following examples, but the par-
ticular materials and amounts thereof recited in these
examples, as well as other conditions and details, should
not be construed to unduly limit this disclosure.

Examples

[0024] Unless otherwise noted, all reagents were ob-
tained or are available from Aldrich Chemical Co., Mil-
waukee, WI, or may be synthesized by known methods.
[0025] Pt binary and ternary alloys of varying compo-
sitions described below were made by sputter deposition
of individual multi-layers of the respective elements onto
NSTF whisker support films, as described in the prior art
cited above, e.g., US 7,419,741. The catalysts were ap-
plied to proton exchange membranes having an equiva-
lent weight of approximately 850, and a thickness of 20
microns. On the anode side, the catalyst loading was
generally 0.05 or 0.1 mg-Pt/cm? of PtCoMn in the com-
position Ptgg 7C055 sMn, 7. On the cathode side, the Pt
loading in the various alloys was 0.10 mg/cm?2 for most
of the data below, and 0.15 mg/cm? of Pt for four of the
PiNi examples. The catalysts were transferred to the sur-
face of the membrane by hot roll lamination, and the sub-
sequent catalyst coated membranes tested in 50cm?2 fuel
cells after addition of gas diffusion layers. The cathode
catalysts’ activities for oxygen reduction were measured
according to protocols specified by the Dept. of Energy.
[0026] The catalyst alloy compositions were deter-
mined by multiple methods, including the initial sputter
deposition calibration files (designated as gravimetric in
Fig. 7), or by x-ray fluorescence (designated as XRF in
Fig. 6), or by electron microprobe analyses (designated
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as EMP in Figs. 4 and 5).

[0027] The catalyst alloy structural properties were
measure by X-ray diffraction (XRD) before the catalysts
were applied to the membranes and tested in fuel cells.
[0028] FIG. 1isagraphofPtalloyfcclattice parameter,
as measured by electron microprobe analysis (XRD),
versus the combined atomic percentages of Co and Ni,
for a variety of ternary Pt alloys. A linear best-fit line is
also shown. It is seen that the Pt face centered cubic
lattice parameter decreases monotonically as the
amount of transition metal increases in the alloy.
[0029] FIG. 2is agraph of measured oxygen reduction
mass activity versus PtNi fcc lattice parameter, as meas-
ured by electron microprobe analysis (XRD), for a series
of PtNi binary catalysts. FIG. 2 shows a dramatic peak
ata PtNifcc lattice parameter of approximately 3.71 Ang-
stroms.

[0030] FIG. 3 is a graph of measured electrochemical
surface area, measured in a fuel cell, versus PtNi fcc
lattice parameter, as measured by electron microprobe
analysis (XRD), for a series of PtNi binary catalysts. FIG.
3 also shows a dramatic peak at a PtNi fcc lattice param-
eter of approximately 3.71 Angstroms FIG. 3 shows that
the electrochemical surface area, measured in the fuel
cell by conventional H,,q methods, peaks at this lattice
parameter.

[0031] FIG. 4 is a graph of fuel cell mass activity meas-
ured in a fuel cell versus atomic percentage Ni in a series
of PtXNiy alloy compositions, as measured by EMP, and
accounting for all elements detected, including oxygen.
FIG. 5 is a graph of fuel cell mass activity measured in a
fuel cell versus atomic percentage of Ni in a series of
PtXNiy alloy compositions, as measured by EMP, and ac-
counting for just the Ni and Pt. FIG. 6 is a graph of fuel
cell mass activity measured in a fuel cell versus atomic
percentage of Ni in a series of PtXNiy alloy compositions,
as measured by XRF. Itis seen thatthere is a sharp peak
in the mass activity as a function of composition, but the
apparent position of the peak with respect to % Ni, de-
pends on the technique used to measure it and assump-
tions made. However, the most likely relative Ni/Pt com-
position value of corresponding to the peak in mass ac-
tivity is that it is close to the 62% atomic percent Ni.
[0032] FIG. 7 is a graph of fuel cell mass activity meas-
ured in a fuel cell versus atomic percentage Ni in a series
of Pt,Ni, alloy compositions, as measured by gravimetric
means. The gravimetric method is not as precise (£5%),
but may be more accurate and hence shows the peak
as closer to the Pt3oNi;q composition

[0033] Various modifications and alterations of this dis-
closure will become apparent to those skilled in the art
without departing from the scope and principles of this
disclosure, and it should be understood that this disclo-
sure is not to be unduly limited to the illustrative embod-
iments set forth hereinabove.
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Claims

1. Acatalystcomprising nanostructured elements com-
prising microstructured support whiskers bearing a
thin film of nanoscopic catalyst particles comprising
a catalyst material according to the formula Pt,Ni4_,
where x is between 0.21 and 0.39, wherein nano-
scopic catalyst particles means particles of catalyst
material having at least one dimension equal to or
smaller than about 15 nm or having a crystallite size
of about 15 nm or less, as measure from diffraction
peak half widths of standard 2-theta x-ray diffraction
scans.

2. The catalyst according to claim 1 wherein x is be-
tween 0.21 and 0.34.

3. The catalyst according to claim 1 wherein x is be-
tween 0.22 and 0.38.

4. The catalyst according to claim 1 wherein x is be-
tween 0.22 and 0.33.

5. The catalyst according to claim 1 wherein x is be-
tween 0.26 and 0.33.

6. The catalyst according to claim 1 wherein x is be-
tween 0.28 and 0.32.

7. The catalyst according to any of claims 1 - 6 having
a Pt fcc lattice parameter of less than 3.73 Ang-
stroms.

8. The catalyst according to any of claims 1 - 6 having
a Pt fcc lattice parameter of less than 3.72 Ang-
stroms.

9. The catalyst according to any of claims 1 - 6 having
a Pt fcc lattice parameter of less than 3.71 Ang-
stroms.

10. The catalyst according to any of claims 1 - 9 having
a Ptfcclattice parameter of between 3.69 Angstroms
and 3.73 Angstroms.

11. The catalyst according to any of claims 1 - 9 having
a Ptfcclattice parameter of between 3.70 Angstroms
and 3.72 Angstroms.

12. Acatalystcomprising nanostructured elements com-
prising microstructured support whiskers bearing a
thin film of nanoscopic catalyst particles comprising
a catalyst material which is a PtNi binary alloy having
a Ptfcclattice parameter of between 3.69 Angstroms
and 3.73 Angstroms, wherein nanoscopic catalyst
particles means particles of catalyst material having
atleast one dimension equal to or smaller than about
15 nm or having a crystallite size of about 15 nm or
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less, as measure from diffraction peak half widths of
standard 2-theta x-ray diffraction scans.

The catalyst according to claim 12 having a Pt fcc
lattice parameter of between 3.70 Angstroms and
3.72 Angstroms.

A fuel cell membrane electrode assembly compris-
ing the catalyst of any of claims 1 - 13.

A fuel cell membrane electrode assembly compris-
ing a cathode catalyst which is the catalyst of any of
claims 1 - 13.

Patentanspriiche

1.

Ein Katalysator, umfassend nanostrukturierte Ele-
mente, umfassend mikrostrukturierte Trager-Whis-
ker, die eine diinne Schicht nanoskopischer Kataly-
satorpartikel tragen, umfassend ein Katalysatorma-
terial, das der Formel Pt,Ni(.,) entspricht, wobei x
zwischen 0,21 und 0,39 liegt, wobei nanoskopische
Katalysatorpartikel Teilchen aus Katalysatormateri-
al bedeuten, die mindestens eine Abmessung, die
gleich oder kleiner als etwa 15 nmist, oder eine Kris-
tallitgroRe von etwa 15 nm oder weniger, gemessen
anhand von Beugungspeak-Halbwertsbreiten von
Ublichen 2 Theta-Réntgenbeugungsdiagrammen,
aufweisen.

Der Katalysator nach Anspruch 1, wobei x zwischen
0,21 und 0,34 liegt.

Der Katalysator nach Anspruch 1, wobei x zwischen
0,22 und 0,38 liegt.

Der Katalysator nach Anspruch 1, wobei x zwischen
0,22 und 0,33 liegt.

Der Katalysator nach Anspruch 1, wobei x zwischen
0,26 und 0,33 liegt.

Der Katalysator nach Anspruch 1, wobei x zwischen
0,28 und 0,32 liegt.

Der Katalysator nach einem der Anspriiche 1 bis 6
mit einem Gitterparameter fir das kubisch-flachen-
zentrierte (kfz) Pt-Gitter von weniger als 3,73 Ang-
strom.

Der Katalysator nach einem der Anspriiche 1 bis 6
mit einem Gitterparameter flir das kfz Pt-Gitter von
weniger als 3,72 Angstrom.

Der Katalysator nach einem der Anspriiche 1 bis 6
mit einem Gitterparameter flir das kfz Pt-Gitter von
weniger als 3,71 Angstrom.
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10.

1.

12.

13.

14.

15.

Der Katalysator nach einem der Anspriiche 1 bis 9
mit einem Gitterparameter fir das kfz Pt-Gitter zwi-
schen 3,69 Angstrom und 3,73 Angstrom.

Der Katalysator nach einem der Anspriiche 1 bis 9
mit einem Gitterparameter fir das kfz Pt-Gitter zwi-
schen 3,70 Angstréom und 3,72 Angstrom.

Ein Katalysator, umfassend nanostrukturierte Ele-
mente, umfassend mikrostrukturierte Trager-Whis-
ker, die eine diinne Schicht nanoskopischer Kataly-
satorpartikel tragen, umfassend ein Katalysatorma-
terial, das eine binare PtNi-Legierung mit einem Git-
terparameter fir das kfz Pt-Gitter zwischen 3,69
Angstrom und 3,73 Angstrom ist, wobei nanoskopi-
sche Katalysatorpartikel Teilchen aus Katalysator-
material bedeuten, die mindestens eine Abmes-
sung, die gleich oder kleiner als etwa 15 nmist, oder
eine KristallitgrolRe von etwa 15 nm oder weniger,
gemessen anhand von Beugungspeak-Halbwerts-
breiten von ublichen 2 Theta-Réntgenbeugungsdia-
grammen, aufweisen.

Der Katalysator nach Anspruch 12 mit einem Gitter-
parameter fir das kfz Pt-Gitter zwischen 3,70 Ang-
strom und 3,72 Angstrom.

Eine  Membran-Elektroden-Brennstoffzellenbau-
gruppe umfassend den Katalysator nach einem der
Anspriche 1 bis 13.

Eine Membran-Elektroden-Brennstoffzellenbau-
gruppe, umfassend einen Kathodenkatalysator, der
der Katalysator nach einem der Anspriiche 1 bis 13
ist.

Revendications

Catalyseur comprenant des éléments nanostructu-
rés comprenant des trichites de support microstruc-
turées portant un mince film de particules de cataly-
seur nanoscopiques comprenant un matériau cata-
lyseur selon la formule Pt,Ni(_,, ot x est compris
entre 0,21 et 0,39, dans lequel des particules de ca-
talyseur nanoscopiques désignent des particules de
matériau catalyseur ayant au moins une dimension
égale a ou plus petite qu’environ 15 nm ou ayantune
taille de cristallite d’environ 15 nm ou moins, en tant
que mesure a partir de demi-largeurs de pic de dif-
fraction de balayages de diffraction des rayons X a
2-théta standard.

Catalyseur selon larevendication 1 dans lequel x est
compris entre 0,21 et 0,34.

Catalyseur selon larevendication 1 dans lequel x est
compris entre 0,22 et 0,38.
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Catalyseur selon la revendication 1 dans lequel x est
compris entre 0,22 et 0,33.

Catalyseur selon la revendication 1 dans lequel x est
compris entre 0,26 et 0,33.

Catalyseur selon la revendication 1 dans lequel x est
compris entre 0,28 et 0,32.

Catalyseur selon 'une quelconque des revendica-
tions 1 a 6 ayant un paramétre de maille fcc de Pt
inférieur a 3,73 angstroms.

Catalyseur selon I'une quelconque des revendica-
tions 1 a 6 ayant un paramétre de maille fcc de Pt
inférieur a 3,72 angstroms.

Catalyseur selon 'une quelconque des revendica-
tions 1 a 6 ayant un parameétre de maille fcc de Pt
inférieur a 3,71 angstroms.

Catalyseur selon I'une quelconque des revendica-
tions 1 a 9 ayant un parameétre de maille fcc de Pt
compris entre 3,69 angstroms et 3,73 angstroms.

Catalyseur selon I'une quelconque des revendica-
tions 1 a 9 ayant un parameétre de maille fcc de Pt
compris entre 3,70 angstroms et 3,72 angstroms.

Catalyseur comprenant des éléments nanostructu-
rés comprenant des trichites de support microstruc-
turées portant un mince film de particules de cataly-
seur nanoscopiques comprenant un matériau cata-
lyseur qui est un alliage binaire PtNi ayant un para-
métre de maille fcc de Pt compris entre 3,69 angs-
troms et 3,73 angstroms, dans lequel des particules
de catalyseur nanoscopiques désignent des particu-
les de matériau catalyseur ayant au moins une di-
mension égale a ou plus petite qu’environ 15 nm ou
ayant une taille de cristallite d’environ 15 nm ou
moins, en tant que mesure a partir de demi-largeurs
de pic de diffraction de balayages de diffraction des
rayons X a 2-théta standard.

Catalyseur selon la revendication 12 ayant un para-
meétre de maille fcc de Pt compris entre 3,70 angs-
troms et 3,72 angstroms.

Ensemble électrode a membrane de pile a combus-
tible comprenant le catalyseur selon I'une quelcon-
que des revendications 1 a 13.

Ensemble électrode a membrane de pile a combus-
tible comprenant un catalyseur de cathode qui est
le catalyseur selon 'une quelconque des revendica-
tions 1 a 13.
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